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ABSTRACT

The incremental methodology, developed by the Instream Flow Service
Group (Ft. Collins, Colorado), was used to predict discharges that
provide optimum area of suitable habitat for anadromous salmonids in
the Skokomish River, Washington. Predictions are compared toc time of
occurrence of fish life stages and to equivalent flow year mean
monthly discharges for respective river reaches. Time and deviation
of mean monthly discharges in excess of or inadequate for optimum fish
requirements are determined.

Optimum discharges for the lower North Fork range from 25-80 c¢fs. Five
alternative strategies for controlling seasonal water releases from the
Cushman Hydroelectric Project to optimize habitat area are presented.
Recommendations are made to protect flow requirements at RM 9.8, his-
torically subject to dewatering, and to protect all rearing fish up-
stream of RM 13.3. The latter reach should be seasonally protected by
establishing a 25 cfs minimum water release from the dam.

Both lower South Fork and mainstem Skokomish River reaches have mean
monthly discharges that typically exceed predicted optimum discharges
for fish, thus reducing areas of suitable habitat. Comparison of lower
South Fork predictions to those of the lower North Fork indicates that
construction and operation of the Cushman Project reduced suitable hab-
itat area below the dam by at least 80%.
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INTRODUCTION

The Skokomish River drains approximately 240 square miles of the south-
eastern portion of the Olympic Peninsula. It empties into Hood Canal
near Union, Washington (Figure 1). At River Mile (RM) 9 the mainstem
forks to become the North Fork and South Fork, referred to as "the
forks." The Skokomish River system supports a large portion of the com-
bined anadromous fisheries of scuthern Hood Canal. Historically, the
system supported large runs of chinook (spring and fall), coho and chum
salmon, lesser but significant runs of sockeye and pink salmon, and

large runs of steelhead trout (James 1980; Deschamps 1957; Sandison 1977;
Payne 1976).

The Skokomish Indian Tribe has always relied upon the river fishery for
much of its livelihood. According to anthropological reports the Sko-
komish River anadromous salmonid resource supported at least 1,000
Indian people in pristine times (Payne 1976). The majority of these
fish apparently utilized the North Fork Skokomish River (James 1980).

Early in this century Skckomish River salmon and steelhead trout runs
began to decline because of heavy commercial fishing, primarily in Hood
Canal. A commercial fishing closure in the Tower two-thirds of Hood
Canal was imposed during the early 1920's (Deschamps 1957}, and Skoko-
mish runs increased again until 1926. The fragmentary nature of fishing
harvest and other records prohibits quantification of those runs.

North Fork Habitat Status

On the North Fork the Cushman Hydroelectric Project was completed by the
City of Tacoma in December, 1930. The project consisted of Cushman Dam
No. 1 with an adjacent power plant at RM 19.6, Cushman Dam No. 2 at

RM 17.3 and, near the latter, a tunnel diversion to convey total river
discharge to a power generation plant on Hood Canal. The upper dam en-
larged a natural lake to 9.6 miles in length and 4,000 acres (City Light
1974). The lower dam formed an impoundment of about 150 acres (Photo-
graph 1, page 7 ). Except during prolonged periods of heavy runoff, the
entire discharge of the North Fork was diverted to Hood Canal {(Morrison-
Maierle, Inc. 1979). 1In 1953, to increase power generation capacity,
the City of Tacoma constructed a small dam on upper McTaggert Creek

(RM 4.1), a North Fork tributary downstream of the dams, and diverted
most of its discharge into the river above the Tower dam.

The resultant effects of the dams and the North Fork's diversion upon
anadromous fish runs were severe. Many miles of spawning and rearing
habitat were permanently barred from anadromous salmonids (Photograph 2,
page 7 ). Prior to the project the affected river reach and its acces-
sible tributaries, between RM 17.3 and about RM 29.8, supported steel-
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head trout, spring, summer and fall chinook, sockeye, cohc and chum
salmon (Deschamps 1957; Sandison 1977; Phinney 1973; James 1980).
Steelhead trout, coho salmon and spring chinook salmon may have
negotiated the cascade at RM 29.8 to gain several more miles of habijtat.
Following project completion, spring-summer chinook and sockeye were
eliminated from the North Fork (Payne 1976) after having been denied
essential holding, spawning and rearing areas required to complete
their life cycle.

After the lower dam was completed and the river's flow diverted to Hood
Canal via tunnel, the North Fork run of fall chinook was greatly re-
duced (Deschamps 1957). Lower North Fork discharge during late summer
and fall is frequently too small to provide passage for adult chinook
(Phinney 1973). Coho and chum salmon and steelhead trout runs were
also significantly reduced (Payne.1976). Washington Department of
Fisheries {WDF) stated that during low flow years all species of salmon
are limited in their upstream migration to the lower one miie of the
North Fork (Sandison 1977). This is the result of combined Tow flow
and low water table conditions that cause a limited reach to dewater.
Even more routinely North Fork flow is insufficient above the mouth of
McTaggert Creek to permit access by chum and chinook salmon {Sandison
1977). 1In years of average to less-than-average winter precipitation
the "lower falls," at about RM 15.6, apparently act as a barrier to
upstream migration of coho salmon. Prior to dam construction the flow-
stage relationship at the lower falls apparently permitted relatively
easy passage for most anadromous salmonids.

During the period 1974-1978, the range of greatest fish-per-mile spawn-
ing ground estimates for the lower North Fork (RM 9-17.3) and tribu-
taries were as follows: spring chinook, 0; fall chinook, <1 (1973);
chum, 111-704; pink, 0; coho, 18-71; and sockeye, 0 {Egan 1978, 1979}.
Additional data (Witbur 1979) gathered in December, 1978 were: chum,
284; coho, 6. Equivalent information on steelhead trout is not avail-
able.

Water quality analyses performed in the Skokomish River system suggest
that all parameter levels are acceptable for salmonids (Kramer, Chin and
Mayo, Inc. 1979). 1In the lower North Fork, however, the greatly reduced
levels of discharge in turn reduce the ranges of available water veloc-
ities and depths; and reduced water volumes are more subject to the
influence of ambient air temperature. In addition to the direct adverse
impacts of the project, there have been numerous indirect adverse jm-
pacts (Table 1).

A combination of adverse impacts have provided the beaver, Castor
canadensis, near ideal habitat. Beaver dams now exist in nearly all
portions of the lower North Fork. Some beaver ponds are hundreds of
feet in length. Some dams are massive and have been observed to block
anadromous fish (Photograph 3, page 8 ).



Table 1.

Assumed direct and indirect adverse impacts upon the North Fork
aquatic habitat caused by the Cushman Project.

Direct Adverse Impacts

Reduced annual and seasonal flow*

Infrequent but drastic changes
in flow*

Anadromous fish habitat access
blocked

Total river spawning and rear-
ing habitat area drastically
reduced

River habitat above dams in-
undated

Indirect Adverse Impacts

Reduced water velocities*
Reduced water depths*
Reduced gravel recruitment
Increased summer water temp*
Decreased winter water temp*

Reduced gquantity of clean
gravel :

Plant and tree encroachment
into river

River obstruction by beaver
dams

Altered aquatic habitat bal-
ance

Increased human habitation
near river above dams

Increased human access down-
stream of lower dam causes
degradation

Reduced fail chinook, chum,
coho, steelhead populations
and harvest¥

Eliminated spring chinook,
sockeye populations and har-
vest

*Impact extends downstream into the mainstem Skokomish River.



Mainstem and South Fork Habitat Status

Degradation of the mainstem and South Fork Skokomish River and respec-
tive watersheds has been more subtle and longterm than that of the North
Fork. Much of the watershed area adjoining the mainstem and lower South
Fork, RM 0.0-9.0 and 0.0 - 3.0 respectively, has undergone piecemeal
clearing and conversion to agricultural and residential use. A high
percentage of these river banks has been cleared and left relatively un-
protected. Bank sections are eroded each year. Attempts by landowners
to perform channelization or diking have resulted in further degradation.

The mainstem and Tower South Fork channel beds are relatively unstable,
apparently the result of seasonal runoff of greater magnitude than that
which occurred prior to the watershed alterations. Increased seasonal
runoff volume appears to be the result of extensive and continuous
clearcut logging within the watershed. Lower valley land practices have
compounded this effect. In addition, a significant portion of the upper
South Fork channel appears to be unstable, and suffers from loss of
streambank cover.

In pristine times all anadromous salmon and trout, except sockeye, are
assumed to have utilized the South Fork. Now pink salmon are seldom
observed. Chum utilization is limited to the lower valley. The mainstem
Skokomish, lower South Fork and Vance Creek are important to the produc-
tion of chinook, coho and chum salmon (Williams et al. 1975). Several
tributaries are also heavily utilized by coho and chum salmon. Winter
steelhead trout utilize the mainstem river, Vance Creek and the South
Fork through most of the upper valley. A few spring chinook are be-
lieved to still migrate into the South Fork canyon where they hold in
deep pools before moving to the upper river to spawn {Deschamps 1957}.
In addition to winter steelhead and spring chinook, fall chinook and
possibly coho salmon utilize the upper South Fork. It is generally
agreed that run sizes of native mainstem river and South Fork stocks are
now much depressed below historic levels as a result of overharvest,
introduction and increase of hatchery stocks, and watershed degradation.

Study Goals

The Cushman Dams, owned and operated by the City of Tacoma, are federally-
licensed operations. The Ticenses are now scheduled for Federal Energy
Regulatory Commission (FERC) renewal, and for consideration of any nec-
essary modifications required by law. The Skokomish Indian Tribe has
intervened in this process to secure relief from, and compensation for,
the Tosses they have suffered due to the project's operation. The Tribe
requested that several studies be performed to gather information for
FERC consideration. One study would evaluate anadromous fish habitat in
the Skokomish River system, and particularly in the North Fork. The
Fisheries Assistance Office conducted an instream flow study on the Sko-



komish River system to: 1) quantify the aguatic habitat suitable for
1ife stages of anadromous salmon and trout; and 2) determine the average
monthly discharges required to optimize available fish habitat. Of
greatest priority was habitat and flows of the lower North Fork. In ad-
dition North Fork and South Fork habitat would be compared.

METHODS

The incremental methodology developed by the Cooperative Instream Flow
Service Group (IFG), Fort Collins, Colorado {Bovee and Milhous 1978) was
used to meet study objectives. The incremental method incorporates
actual stream measurements, computer hydraulic simulation, and appropri-
ate habitat criteria to then generate predictions of suitable habitat
area for a wide range of stream discharges.

Seven study areas were selected for instream sampling to represent
physical habitat conditions in respective reaches of the Skokomish River
(Photographs 4-10, pages 8-11 ). Three reaches on the Tower North Fork
(Figure 2), three reaches on the South Fork {Figure 3) and one reach on
the mainstem were identified for representation (Appendix Table 1).
Within each study area, consisting of an adjacent pool and riffle, cross-
sections (transects) were selected to define physical characteristics of
the channel, banks and stream hydraulics.

Data Collection

Along cross-sections perpendicular to stream flow, depth and velocity
were recorded at times of relative low, intermediate, and high stream
discharge. Velocity measurements were made using a top-setting wading
rod and either a Price AA or Pygmy current meter. Where water depths
were unwadable, a Price AA current meter was suspended over cross-section
data points from a boat-mounted sounding reel. Substrate type along
cross-sections was recorded at the time of low stream discharge. On all
instream sampling occasions, at each study area, the river stage-ground
elevation relationship was measured by instrument surveying. Physical
data are available upon request from FAQ, Olympia, Washington. Example
tables are presented as Appendix Tables 2-4. The discharges sampled
instream and used to calibrate habitat predictions are presented in
Table 2.

Available Habitat Predictions

The combined data from a study area provide the basis for determinatiocn
of respective stage-discharge and velocity-discharge relationships by
computer simulation.



Photograph 1. Cushman Dam
No. 2 at R.M. 17.3 on Tower
North Fork Skokomish River.

Photograph 2. North
Fork Skokomish River
at R.M. 29.2 upstream
of Cushman Lake, and
accessible to anadro-
mous fish prior to
1926.




Photograph 3. Dense beaver
dam spanning North Fork
channel at about R.M. 16.8.

Photograph 4. View of
study area N-1 looking
downstream from upper
transect, at time of
relative low flow.




Photograph 5. View
of study area N-2
locking downstream
from upper transect.

Photograph 6. View
across study area N-3
at upper transect.
Taken at time of
relative high flow.




Photograph 9. View across
study area S-3 at lower
transect, taken at time of
relative low flow.

Photograph 10. View
of study area S-4
looking upstream from
lower transect, taken
at time of relative
Tow flow.
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Photagraph 11. View of totally dewatered channel in
North Fork Skokomish River at R.M. 9.8, on August 16,
1979.
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A hydraulic simulation model is developed, for each study area sampled,
by processing data through the IFG4 computer program. A portion of
this operation consists of computer calculation of correlation co-
efficients (R2) to measure statistical strength of individual models.
Coefficients are determined for expected versus observed cross-sectional
segment velocities, and for discharge (Q) series versus stage series.
Models were derived using the stage-discharge "rating curve approach"
developed by Bovee and others (Bovee and Milhous 1978).

Each hydraulic simulation model was processed by a second computer
program (HABTAT) that interfaced the model with selected habitat eval-
uation criteria "curves" (Bovee 1978). The Bovee paper assembled much
of what is known about salmonid preferences for specific levels of
current velocity, water depth, and types of substrate material. The
probability that a species and 1ife stage will use specific physical
conditions is plotted as a graphed line {curve). Appropriate habitat
criteria curves from Bovee (1978), and additional curves developed for
this study {Figures 4-7) were processed by HABTAT. Some criteria curves
from Bovee (1978) are modified (Appendix Figures 1-3) to reflect pref-
erences of western Washington anadromous stocks (Chambers et al. 1955).
New criteria curves developed in this study are derived from work re-
ported by Burner (1951}, Heiser (1971) and R. Judy (1979, personal
communication). The criteria curves derived from Judy are for the
macroinvertebrate genera, Stenonema and Acroneuria.

The product of processing a hydraulic simulation model and appropriate
habitat criteria through HABTAT is a summary table. Such a table lists
predictions of weighted useable habitat area (WUA) available, as sguare
feet, per 500 feet of stream, for each discharge processed. Thirty dis-
charge values per study area are processed to define the peak of WUA
for each species/1ife stage. A restriction imposed by use of the rating
curve approach (Bovee and Milhous 1978) limits discharges used to 0.4
times the minimum discharge measured instream, and to 2.5 times the
maximum discharge measured instream. All WUA prediction summary tables
are presented as Appendix Tables 5-11. A prediction enclosed by paren-
theses is the optimum WUA available among the 30 discharges processed.
Optimum WUA predictions and respective best discharges are presented by
species and life stage, and by study area, in Tables 3 and 4.

North Fork Optimum Discharges

The need to determine one average monthly discharge that will optimize
anadromous fish production requires that optimum discharge predictions
from the three North Fork study areas be combined. The following pro-
cedure is applied to calculate summed proportions of suitabie habitat

among partitioned reaches and then determine single optimum discharges
for each species/life stage: a) because all summary table predictions
are expressed as suitable habitat per 500 feet of stream, a factor for

16
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each partitioned reach is determined by multiplying the number of stream
miles in the reach by the estimated percent of the reach length free of
rapids (determined by field inventory}, multiplying the product by 5280
feet per mile, and then dividing by 500 feet (per surface area predic-
tion); b) factors are then multiplied by selected surface area predic-
tions (square feet/500 feet of stream) for species/life stages of the
respective study area summary table; c¢) multiplication products from

the three study area summary tables, i.e., N1, N2, N3, for the same pre-
dicted discharge and species/life stage are summed; d) these summations
are then listed by species/life stage, compared, and discharges providing
optimum suitable habitat (square feet/500 feet of stream) are determined.
Table 5 represents the combined results of the preceding calculation pro-
cedure.

Calculation of summed proportions of suitable habitat for the three
South Fork study areas is not performed for reasons explained in Results
and Discussions.

Run Timing

Also essential to determination of mean monthly optimum discharges is
detailed information on the timing of native stocks' spawning migration,
as well as timing of incubation and rearing. Timing information sources
include Payne (1976), J. Fenton (1978, personal communication), D. Herrera
(1979, personal communication), Smoker et al. (1952), WDF (1978) and
Williams et al. (1975). Run timing of pink and of sockeye salmon was
conservatively reconstructed using known timing of other Puget Sound
stocks of these species. Timing of spawning migrations and of spawning
for salmon and steelhead trout runs in the North Fork and the remainder
of the Skokomish River system are presented in Figure 8.

North Fork Critical Reach

When low discharge conditions occur on the lower North Fork, a river
reach in the vicinity of RM 9.8 becomes dewatered. In anticipation of
effects related to dewatering, continuous water temperature at RM 9.8
was monitored with a thermograph at the bottom of a pool. The daily
high and Tow temperatures recorded during July, August and September,
1979 are presented graphically in Figure 9 (and tabulated in Appendix
Table 12). Periodically, the river channel was observed for flow con-
dition.

Discharge Records

The watersheds of the North Fork and South Fork are nearly equal in area.
Discharge measurements made before the Cushman Project (Stimson 1943)
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Table 5. Summed proportional predictions of suitable habitat and respective
prediction discharges derived from summary table predictions (Appen-
dix Tables 5-11) and calculated conversion factors (N1 = 40.55,
N2 = 29.25, N3 = 15.84). Asterisks indicate discharge providing max-
imum suitable habitat available.

) Sq.Ft. Q Sq.Ft.
COHO CHINOOK (cont.)
Spawning 30 120572 Spawning
33 145963 (fall) 50 190854
50 182302 60 217677
*60 189802 65 221822
70 176679 70 222294
80 170166 *75 224110
90 164925 80 223828
100 163514 90 211924
Fry 15 171813 Juvenile 25 578521
20 242975 *30 602229
*25 266673 40 534511
30 248792 50 476609
33 235998 60 442980
50 153667 75 423314
60 135782
70 123220
80 133826 Incubation 33 891899
90 101253 *60 930532
80 807056
90 750611
Incubation *33 773246 65 915748
50 732335
60 727879
65 703168
75 642969
CHUM
Spawning 33 212297
50 227822
CHINOOK 60 244827
*65 246739
Spawning 70 245492
{spring)} 50 136185 80 238129
60 171566 90 214921
70 191906
*80 196468
90 194285
100 189371
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Table 5. {continued)

Q Sq.Ft.
PINK
Spawning 35 201944
50 192816
60 206542
*70 212834
80 207145
90 196447
65 208320
75 211453
SOCKEYE
Spawning 33 132109
50 167898
*55 179627
60 178942
65 174215
70 173527
CUTTHROAT TROUT
Spawning 25 126490
*30 173994
40 116929
50 101762
60 93032
35 142354
WINTER STEELHEAD TROUT
Spawning 50 155740
60 193034
65 207115
70 218165
*75 219290
80 218502
85 215702
90 208838

q Sq.Ft.
WINTER STEELHEAD TROUT (cont.)
Incubation 37 1029046
50 1054036
*65 1075011
70 1052513
20 976821
90 930125
100 893493
105 875960
Fry *25 813355
30 797736
50 617140
60 6593116
70 526819
20 751191
Juvenile 30 834818
*33 855319
40 800380
47 751693
60 708807
70 665161
35 852974
ACRONEURIA 40 193267
47 201310
50 195043
*4A5 204035
STENONEMA 20 148723
25 165922
30 166686
*35 168985
40 163193
45 157561
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show that the two watersheds had annual discharges of similar magnitude.
Post-dam discharge is summarized in Appendix Tables 13-16, showing mean
monthly discharge gaged on the upper North Fork, lower North Fork, South
Fork and mainstem, respectively.

A predictive tool for determination of flow allocations (R. Milhous
1978, personal communication) is the calculation of mean monthly flows
not exceeding certain year frequencies; e.g., in one out of two years
36 cfs was not exceeded during October. This type of statistic is more
dependable than calculation of simpie monthly means. A series of such
discharge-predictive calculations developed from 1945-1974 lower North
Fork gaging station records is presented in Appendix Table 17. Three
statistical flow years, identified as equivalent flow years, will be
used to make flow comparisons to lower North Fork species/life stage
timing. Plots of 9-in-10, 1-in-2, and 1-in-10 equivalent high, median,
and moderately low flow years, respectively, are presented in Figure 10.
Similar equivalent flow year plots are presented and compared to appro-
priate South Fork and mainstem flow-timings.

RESULTS AND DISCUSSION
North Fork

IFG4 calculations of R? for expected versus observed cross-sectional
segment velocities were as follows: study area N1, range 0.77-0.98,

mean 0.87; study area N2, range 0.80-0.97, mean 0.92; and study area

N3, range 0.57-1.00, mean 0.92. Calculations of RZ for Q series versus
stage series were as follows: study area N1, range 0.53-1.00, mean 0.86;
study area N2, range 0.95-1.00, mean 0.98; and study area N3, range 0.97-
1.00, mean 0.99.

Summed proportional predictions of optimum suitable habitat provided by
specific discharges {Table 5) combined with North Fork run timing infor-
mation (Figure 8) permit the construction of linear “flow timings" (Fig-
ure 11), In Figure 11, lines representing run timing of species and life
stage are distributed over the range of discharges predicted to provide
optimum area of suitable habitat. Duration of flow-timing for chinook
incubation (C-I) is derived from review of mean lower North Fork water
temperatures in winter (USGS 1965-1974, 1975-1978), and then from cal-
culation of time to egg hatching, using 900 degree-day units (Bell 1973).
Chinook juvenile (C-J) flow-timing, inclusive of the fry 1ife stage,
continues to the end of Qctober to reflect a compromise between observed
extremes of time from hatching until the onset of seaward migration
(Chapman 1979). Steelhead incubation (ST-I) and fry (ST-F) duration was
based on a calculation of 720 degree-day units (Bell 1973). There is no
flow-timing for coho juvenile due to the lack of habitat criteria in-
formation. Where two different flow-timings occur at the same discharge
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and share some portion of a line, each flow-timing is individually begun
{by a mark above 1ine followed by coding), and ended {by a mark below
line preceded by coding). Steelhead juvenile {(ST-J), at 33 cfs, has a
duration of approximately 21 months. A1l flow-timings in Figure 11 are
sufficiently detailed to permit determination of semimonthly flow recom-
mendations. Flow-timings and further discussion of cutthroat trout,
Stenonema and Acroneuria, are not included in the analysis in order to
reduce complexity of interpretations.

When the Tower North Fork equivalent flow years, plotted by month and
by discharge (Figure 10), are constructed to overlay the Tower North
Fork species/life stage flow-timings, also plotted by month and by dis-
charge (Figure 11), the result, Figure 12, permits identification of
equivalent flow year discharge excesses and insufficiencies for fish.

With reference to suitable habitat area information (Table 5) a number

of comparisons on Figure 12 are possible. In the event of an eguivalent
1-in-10 moderately low flow year many impacts upon habitat availability
could be expected, including the following: from the first week of

March available area for winter steelhead spawning would fall from 100%
of optimum (219, 290 sq. ft. at 75 cfs) down to 25% (54,108 sg. ft.) by
the end of spawning; winter steelhead available area for incubation
would range from 87% of optimum (at about 30 cfs) down to less than 38%
of the optimum (at 7 cfs); area available for spring chinook spawning
would be, on the average, less than 2% of the optimum area available at
80 cfs; area available for fall chinook spawning would vary from under
0.7% of optimum as spawning begins, to nearly 100% of optimum as spawning
ends; area available for pink spawning would begin at under 21% of opti-
mum and end at 60% of optimum; chum spawning would begin at about 49%

of optimum habitat area, then reach 100% of optimum about one month later
at 75 cfs, after which discharge then increases to about 110 cfs provid-
ing 67% of optimum habitat area, and then discharge gradually falis to

88 cfs providing about 90% of optimum habitat area; for winter steelhead
juveniles, that are rearing and present in all months, optimum habitat
area would be available only briefly in late April and in early November,
decrease to about 50% during summer low flow months, and decrease again
in December to 56%. Together, these calculations show that during 1-in-
10 years the monthly discharge pattern is very limiting upon anadromous
fish production. This is particularly the case for species having long-
term freshwater rearing requirements {R. Gerke 1978, personal communica-
tion; J. Hunter 1978, personal communication). For more than five

months discharge is insufficient to provide otpimum habitat availability
for any anadromous species 1ife stage.

The equivalent 9-in-10 high flow year discharge (Figure 12) shows the
greatest discharge range among the three equivalent flow years and it
provides anadromous fish the least habitat stability. During approxi-
mately eight months discharge is too high to provide optimum habitat
availability for any anadromous species/life stage.
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Tables 6, 7 and 8 each present the semimonthly discharges {cfs) required
under the five alternative strategies and the respective water releases
(cfs) needed to satisfy the requirement. Tables 6, 7 and 8 water re-
leases are those that would be required by the five alternatives in the
event of an equivalent median, moderately low, or high flow year, re-
spectively. The entry of "E" in Tables 6, 7 and 8 indicates that the
equivalent year discharge either equals or exceeds the respective dis-
charge required by an alternative strategy. The proportion of an equiv-
alent flow year equaling or exceeding alternative strategy requirements
is Teast during a moderately low flow year, and is most during a high
flow year. Efficacy of a given alternative strategy would be least dur-
ing an equivalent high flow year.

The benefits for the fisheries (increased habitat area) that are repre-
sented by water releases in Tables 6, 7 and 8 will vary with species
and life stages, date, and relative flow year. Benefits, expressed as
total area (sq. ft.) of available suitable habitat in the combined Tower
North Fork, can be demonstrated by comparing a given alternative with a
given equivalent flow year. For the mean monthly discharges of an
equivalent 1-in-2 flow year (Appendix Table 17) and alternative 3 dis-
charge requirements {Table 6), the period of water release begins on
May 15 and ends October 31. Calculations show that during this period
area available for C-J (optimum 602,229 sq. ft.) would either be in-
creased or decreased by the effects of water release as follows: May
15-31, 24,600 sq. ft. decrease; June 1-14, no release; June 15-30,
19,200 sq. ft. decrease; July 1-14, 43,000 sq. ft. increase: July 15-
31, 130,900 sq. ft. increase; August 1-14, 191,500 sgq. ft. increase:
August 15-31, 278,900 sq. ft. increase; and September 1-14, 173,700

sq. ft. increase. Beginning September 15, alternative 3 favors C-S,
Available area for FC-S (optimum 224,100 sq. ft.} would be affected as
follows: September 15-30, 222,500 sq. ft. increase; October 1-14,
186,700 sq. ft. increase; and October 15-31, 106,900 sq. ft. increase.

During the same period calculations show area available for ST-J {opti-
mum, 855,319 sq. ft.)} would be affected approximately as follows: May
15-31, 30,900 sq. ft. decrease; June 1-14, no release; dJune 15-30,
41,800 sg. ft. increase; July 1-14, 112,300 sq. ft. increase; July 15-
31, 249,500 sq. ft. increase; August 1-14, 358,300 sq. ft. increase;
August 15-31, 447,400 sq. ft. increase; September 1-14, 325,000 sq. ft.
increase; September 15-30, 264,000 sq. ft. increase; OQctober 1-14,
102,100 sq. ft. decrease; and October 15-3], 202,800 sq. ft. decrease.

The preceding examples demonstrate that available habitat is very sub-
stantially increased, overall, by the effects of alternative 3. They
also show that lower North Fork habitat availability has been at levels
well below optimum since dam construction in 1830.

A factor that must be considered in determining water releases to
optimize lower river habitat area is the effect of such releases on the
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upper reach (RM 13.3-17.3). McTaggert Creek contributes significantly
to the total North Fork discharge downstream of RM 13.3. "Required dam
release" information in Tables 6, 7 and 8 show that during many months
it would be preferable to reduce lower river discharge. However, if
accomplished by reduced water release at the dam, the upper reach could
then have less than optimal discharge for habitat needs.

Optimum discharge for 12 of 17 species’ 1ife stages at N1 ranges between
25-35 cfs (Table 3). Flow-timings are presented in Figure 18. Optimum
area of suitable habitat for C-J, CO-F and ST-F is available at 25 cfs.

The establishment of a minimum release discharge of 25 cfs would insure

relative optimum habitat availability. Release discharges greater than

25 c¢fs would be determined by requirements of the chosen alternative

for the combined lower North Fork (Tables 6, 7 and 8).

It is important to recognize that all of the above optimum discharge
recommendations are based upon predictions from a river channel having
characteristics much altered from those of the pre-dam channel. The
pre-dam channel was considerably iarger. Optimum discharges then were
also much larger.

North Fork Critical Reach

The daily high and low temperatures recorded in the pool at RM 9.8 are
presented in Appendix Table 12. Figure 8 timing information indicates
that during the sampled period spawning spring chinook and pink salmon,
rearing winter steelhead trout, and rearing chinook (and coho) salmon
would ideally be present. Had these fish, in fact, been present, Bell's
(1973) temperature recommendations indicate: a) for the duration of at
least seven 24-hour periods in July and five 24-hour periods in August
water temperature exceeded the optimum preferred range for chinook,
silver and pink salmon; and b) for the duration of at least fifteen
24-hour periods in July, ten 24-hour periods in August, and one 24-hour
period in early September water temperature exceeded the upper limit for
migrating spring chinook, and exceeded the upper threshold for spawning
spring chinook.

In August, 1979, I observed 660 feet of dewatered channel near RM 9.8
(Photograph 11, page 12). Apparently this reach is dewatered at a dis-
charge of just less than 10 cfs. Channel dewatering reduces anadromous
fish habitat, reduces abundance of prey organisms, and is a total bar-
rier to fish migration. All anadromous fish that utilize the lower
North Fork are adversely impacted by dewatering in this critical reach.

The hydraulic relationship between discharge gaged at USGS gaging station
No. 1205950000 and discharge providing adequate flow conditions for spawn-
ing migrations, smoit migrations, and maintenance of prey organisms in

the critical reach should be determined. During the low flow season
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this information should then be used to correct the gaging station
guidance for required water releases at the dam. By this procedure
the significant Timitations upon the anadromous fishery caused by
channel dewatering can be prevented.

Fishery resource managers assigned to initiate actions to bring about
restoration of lower North Fork native apadromous fish stocks have the
opportunity to select one of the above alternative strategies, or one
of their own design. The discharges providing optimum habitat area
(Table 5) and the flows favoring selected species within each of the
five alternatives (Tables 6, 7 and 8) form the information base to
manage water releases. However, all discharge information presented
above determined from compared equivalent flow year statistics, e.g.
"required dam releases" (Tables 6, 7 and 8), are presented only as
examples of most likely discharge relationships. Equivalent flow year-
related examples do demonstrate what the expected range of releases
would be during a typical 10-year period. Actual water releases must
be based on existing water volumes in the river channel at USGS gaging
station No. 1205950000.

The restoration of enhancement flows in the lower North Fork would
fogically occur as long as the Cushman Project exists. Modifications

of Cushman Dam No. 2 would be required to incorporate equipment capable
of accurately controliing release discharge to within 5 cfs. Cost in
dollars of future lost water that could be used to generate hydroelectric
power has been addressed by Morrison-Maierle, Inc. (1979). These and
other anticipated impacts are listed in Table 9.

South Fork

IFG4 calculations of R2 for expected versus observed cross-sectional
segment velocities were as follows: study area S1, range 0.70-0.99,

mean 0.91; study area S2, range 0.65-0.94, mean 0.85; and study area
$3, range 0.95-0.99, mean 0.97. Calculations of R2 for § series versus
stage series were as follows: study area S1, range 0.96-1.00, mean 0.99;
study area S2, range 0.98-1.00, mean 0.99; and study area 53, range 0.99-
1.00, mean 1.00.

Study area S3 WUA predictions for salmon and steelhead trout are all
greater than respective predictions for either S1 or $2 (Table 4).
Spawning ground surveys (Egan 1978, 1979) indicate that most spawning
salmon in the South Fork utilize the Tower partitioned reach, represented
by $3. This preference can be explained by the greater habitat availabil-
ity in the lower river, as indicated by WUA predictions, and the minimal
distance for spawning migration.

Because the South Fork is not diverted or impounded and flows are not
controlled, it is not useful to determine single optimum discharges for
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the combined partitioned reaches. Flow-timings for the lower South Fork
(represented by S3) are presented in Figure 19. Figure 19 compares flow-
timings to the plot of an equivalent 1-in-2 median flow year (determined
from South Fork gaging station No. 1206050000 records). The comparison
indicates no species' spawning success is favored by discharges of an
equivalent median flow year. From mid-October to mid-June these dis-
charges greatly exceed predicted optimum discharges, thus greatly reduc-
ing available WUA. From mid-June to mid-October median discharge only
briefly favors optimum WUA for fall chincok. Despite the abundance of
spawning substrate it appears that lower South Fork excessive discharges
nultify the optimum potential.

North Fork and South Fork Comparison

Comparison of North Fork and South Fork anadromous salmonid habitat is
important because the extent of North Fork habitat loss should be deter-
mined to support or refute such claims brought before the FERC. This
comparison of habitat abundance before Cushman Project construction is
valid because the two rivers drain adjacent watersheds, they have com-
parable watershed size, they contained comparable total miles of acces-
sible habitat, and the two mainstems had comparable mean discharge rates.

The respective predictions of habitat WUA per 500 1ineal feet of stream
for the two rivers provide a reasonable yardstick for comparison of an
unmodified river, the South Fork, and the modified North Fork. N3 and
S3 WUA predictions (Tables 3 and 4, respectively) can be compared di-
rectly. An example is fall chinook spawning. The WUA prediction for

S$3 is about 10-1/2 times that for N3. When all respective fish species
life stage predictions (except sockeye salmon) are compared, S3 has a
mean habitat availability approximately 5 times that of N3. This indi-
ca;es that the magnitude of loss in the lower North Fork is approximately
80%.

Other North Fork and South Fork study areas represent partitioned reaches
too unique to compare directiy between rivers. However, the general
magnitude of WUA predictions for the South Fork shows that the habitat
loss on the North Fork was very great. Approximately one-half of acces-
sible miles on the North Fork were blocked by the Cushman Project.

Mainstem Skokomish River

IFG4 calculations of R2 for expected versus observed cross-sectional
segment velocities at study area S4 ranged from 0.95-1.00, with a mean
value of 0.98. Calculations of RZ for Q series versus stage series
equalled 1.00.
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The predictions for preferred discharges in the mainstem Skokomish River
(Table 4) are lower than expected, in view of the comparatively large
mean monthly discharges that occur (Appendix Table 16). Averaged mean
monthly discharges in the mainstem, during all months, are more than

50% larger than respective South Fork discharges (Appendix Table 15).
However, only five of thirteen predictions of preferred discharge

(satmon and steelhead) in the mainstem are greater than respective pre-
dictions for the lower South Fork (Table 4). A1l WUA predictions for the
mainstem are smaller than respective predictions for the lower South
Fork.

Review of study area S4 instream data (by individual parameter), and the
habitat criteria curves used, supports the predictions (Table 4) as
correct. River substrate is suitable for spawning requirements in about
75% of the study area, but over a majority of the area, that is, square
feet within the study area wetted perimeters, either depth or velocity

or both depth and velocity are unsuitable. The mainstem river's higher
pool : riffle ratio, and more uniformly confined and defined channel shape,
together result in a proportionally increased area of channel having in-
creased water depth. The comparison of mainstem equivalent flow year
plots to mainstem flow-timings (Figure 20) demonstrates that mean monthly
discharges generally fail to provide, during most months and in most
years, optimum habitat area.

What the effects would be of North Fork water releases upon fish habitat
in the mainstem should be known. The longest period having the largest
water release contribution would occur during an equivalent moderately
low flow year (Table 7 and Figure 20). No adverse effect of any signi-
ficance is apparent. The effects during other equivalent flow years,
although of shorter duration, appear more adverse. But if the apparent
adverse and beneficial effects of release water contributions during
respective higher and lower flow years are compared, the resultant
effects should balance, in terms of fish habitat. Extra water to satisfy
habjtat requirements in low flow years should make up for reduced habitat
availability during high flow years. One expected effect of increased
discharge in the mainstem is for some propertion of fish in spawning
migration to pass through the mainstem, enter the North Fork, and utilize
the better controlled, optimum habitat conditions created there. The
very significant benefits to be gained in the lower North Fork from con-
trolled water releases need not be abandoned due to effects in the main-
stem Skokomish River.

CONCLUSIONS
Analysis and comparison of North Fork optimum discharge and habitat area

predictions to species/1ife stage timing and equivalent flow year sta-
tistics demonstrates that post-dam discharges are seasonally inadequate
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for anadromous salmonid needs. During one year in ten, discharges

during low flow months have been extremely limiting upon all rearing
salmon and winter steelhead. During one year in ten, discharges are

so large that for about eight months habitat requirements are at less
than optimum level for all anadromous salmonids. During the remaining
years of this ten-year statistical period, levels of habitat availability
have been intermediate between those of Tow and high flow years, but
still have been inadequate during summer and early fall.

An annual range of mean monthly discharges in the Tower North Fork not
exceeding 80 cfs in wet months and not less than 25 cfs in dry months
can significantly increase suitable habitat availability. One or more
anadromous species and respective life stages may be favored by select-
ing semimonthly discharges that provide optimum suitable habitat area.

Discharge measured by USGS gaging station No. 12053950000 on the lower
North Fork should be used to determine when and how much water should

be released from Cushman Dam No. 2 to meet optimum discharge requirements
of the preferred species. Minimum discharge required to satisfy

adult and smolt migration needs through the North Fork critical reach

(RM 9.8) should be determined and used to adjust gaging station guidance
of dry season water releases.

Rearing habitat in the North Fork upper reach from RM 13.3 (mouth of
McTaggert Creek) to the dam should be protected during low runoff months
by establishing a minimum water release of 25 cfs. Preferred species
optimum habitat needs in the upper reach, during other months, should be
protected when feasible; however, optimum habitat needs in the lower
reaches (RM 9.0-13.3) should be given first priority.

The pre-dam channel and mean monthly discharges were significantly
larger than the existing channel and proposed optimum discharges. Con-
trolling discharges to provide optimum habitat area in the lower North
Fork makes best use of the existing channel, and can very significantly
increase habitat availability.

In order to carry out above recommendations Cushman Dam No. 2 will re-
quire structure/equipment modifications that permit release control
accuracy to the nearest 5 cfs.

The Tlower South Fork reach contains more suitable habitat area than
other South Fork reaches. Lower reach habitat is underutilized by
anadromous salmonids because prevailing mean monthly discharges exceed
those that provide optimum suitable habitat.

Compared North Fork and South Fork WUA predictions indicate an 80%

habitat availability loss resulted from dam construction and total flow
diversion.
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Prevailing mean monthly discharges in the mainstem Skokomish River
generally exceed predicted discharges providing optimum habitat area.
Discharge contributions from a schedule of water releases at Cushman
Dam No. 2, however, are not expected to adversely affect mainstem
Skokomish River habitat availability.
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